
 

Pharm Biomed Res 2015; 1 (4): 12 

 

 

 
 

 

* E-mail: kamlapathak5@gmail.com 

 

                                                   Pharmaceutical and Biomedical Research 

 

β-Galactosidase mediated release characteristics of lornoxicam loaded 

guar gum microspheres: evaluation and product development 

 
 Abdesh Singh, Manish Kumar, Kamla Pathak

*
 

 
  Department of Pharmaceutics, Rajiv Academy for Pharmacy, Mathura, U.P, India 

 

                                            Received: Nov 22, 2015, Revised: Dec 20, 2015, Accepted: Dec 26, 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

In the past few years various 

approaches have been reported for 

the colon targeting (covalent 

linkage of drug with a carrier, 

coating with polymers, microflora 

activated system and pressure 

controlled systems (1). The pH 

dependent polymer coating systems 

of colon targeting present the 

problem of site specificity of drug 

release in the colon and may 

produce premature drug release in 

the small intestine or no release of 

drug in colon (2). Similarly, 

 

  

 

Abstract 

The present investigation was aimed at developing a novel colon targeted system of 

lornoxicam based on the use of a combination of pH dependent system (to prevent 

the premature release of drug in the upper GIT) and enzymatically degradation 

system (to ensure the specificity of drug release in the colon). The drug loaded guar 

gum microspheres prepared by emulsification cross-linking method were assessed 

for the effect of guar gum concentration and the viscosity of external phase on the 

yield, particle size, entrapment efficiency and in vitro release. The in vitro 

performance of microspheres showed polymer concentration dependent sustained 

release and the release data best fitted Higuchi kinetics. Microscopic evaluation of 

the optimized formulation (M1) revealed spherical particles that comprised drug in 

amorphous state as deduced by DSC.  DRS revealed zero interaction between drug 

and guar gum despite the processing steps. The optimized microspheres were 

formulated as colon targeted tablets by coating with Eudragit S 100 and its 

sequential analysis in gastrointestinal tract simulated media revealed complete 

protection against drug release in gastric and intestinal media. In the colon 

simulated medium (phosphate buffer, pH 6.8 with β-galactosidase enzyme) the drug 

release was initiated and the tablet M1F3 manifested completed release             

(97.85 ± 0.48%) of the drug.  The roentegenographic study in rabbits revealed 

maintenance of tablet integrity up to 7 h and thereafter on reaching the colonic 

junction the tablet size reduction was initiated due to enzymatic action in colon that 

was continued till 10
th

 h providing proof of concept for colon targeting efficacy. 
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in the time dependent systems the 

gastric emptying rate of small intestine 

and colon is varied due which 

premature drug release in the small 

intestine or delayed or no drug release 

in the colon (3). The microflora 

activated systems have the difficulty of 

controlling release of drug from the 

polysaccharide because of hydrophilic 

nature and hydrolysed by the colonic 

microflora (4) and pressure control 

systems requires special equipments, 

high amount of compression material 

(5). So to achieve optimal drug 

targeting to the colon, and to eliminate 

the disadvantages of coating with 

polymers, microbial degradation 

systems and pressure activated systems, 

a more advantageous and novel 

approach would be the use of a 

combination of pH dependent system 

(to prevent the premature release of 

drug in the upper GIT) and microbial 

degradation system (to ensure the 

specificity of drug release in the colon).    

Lornoxicam (chlortenoxicam), a 

nonsteroidal anti-inflammatory drug of 

the oxicam class, is available in oral and 

parenteral formulations. It is 

distinguished from established oxicams 

by a relatively short elimination half-

life (3 to 5 hours), which may be 

advantageous from a tolerability 

standpoint. Lornoxicam has a 

tolerability profile characteristic of an 

NSAID, with gastrointestinal 

disturbances being the most common 

adverse events (6). A COX-2 inhibitor, 

it undergoes extensive and highly 

variable hepatic first pass metabolism 

following oral administration and has a 

bioavailability between 80-90% (7).  

The molecule has garnered considerable 

attention by the researchers for 

development of colon targeting drug 

delivery systems. Research reports on 

colon targeted matrix tablets of 

lornoxicam using tamarind seed 

polysaccharide has been reported by 

Manasa et al (8) and guar gum based 

matrix microspheres by Keraliya et al. 

(9). These reports primarily claim 

development and in vitro evaluation of 

either the matrix dosage form or the 

microspheres wherein the in vivo 

evaluation has not been detailed. Use of 

rat ceacal in dissolution media has 

potential to significantly interfere in the 

in vitro release testing. Hence the 

present project was aimed at developing 

a patient compliant dosage form (tablet) 

of lornoxicam loaded microspheres and 

the drug release evaluation was based 

on incorporation of colonic enzyme in 

the in vitro release test medium.  

In the colon various metabolic reactions 

that are keys for the degradation of 

polysaccharides are mediated the 

colonic micro flora. Guar gum, a 

hydrocolloid polysaccharide widely 

used for the preparation of microspheres 

for colon targeting (10) was selected for 

the project.  In order to ensure safe 

transit of the dosage form to the colon, 

coating of the delivery system was 

proposed.  While coating of the 

multiparticulate systems has been 

reported by many researchers (11,12) it 

is difficult to scale up. When a larger 

batch is to be coated chances of 

leaching of the drug from the 

microspheres into the organic solvent in 

which the polymer is dissolved may 

lead to decrease in the drug content of 

the microspheres (13).  This problem 

can be overcome by making a suitable 

dosage form of the microspheres like 

tablet which can present the advantage 

of providing high reproducibility and 

industrial applicability because coating 

of tablet is easier than the microspheres 

and there is no chance of drug leaching 
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in to the organic solvent. On tablet 

disintegration in colon, the 

microspheres will get dispersed into the 

lower part of GIT where the drug will 

be released due to action of colonic 

micro flora on the guar gum.  

Based on these considerations, tabletted 

guar gum microspheres of lornoxicam 

were aimed for its colonic delivery 

wherein the tablet was coated with pH 

dependent polymer to specifically 

release the microspheres in colon and 

the integrity and performance 

characteristics were proven by 

roenteographic studies in rabbits. 

 

Matterials and methods 

 

Materials 

Lornoxicam was received as a gift 

sample from Sun Pharma Pvt. Ltd, 

Ahmadabad, Gujarat, India. Guar 

gum was purchased from Sigma 

Aldrich, New Delhi; Eudragit S100 

was provided by Evonik Degussa, 

Mumbai, India; Tween 80 and 

glutaraldehyde were procured from 

S.D. fine Chemicals Ltd, Mumbai, 

India; β-galactosidase was received 

from Sigma Aldrich New-Delhi 

India; dimethyl formamide was 

obtained from Rankem RFCL Ltd, 

New Delhi, India; all the ingredients 

were of analytical grade. 

 

Preparation of microspheres 

Drug loaded guar gum microspheres 

were prepared by slight 

modification of the emulsification 

cross-linking method (14). An 

aqueous dispersion of guar gum (50 

mL) containing 2% w/v of guar 

gum (an accurately weighed amount 

of guar gum dispersed in specified 

volume of cold water containing 

drug and allowed to swell for 4 h) 

was poured in 75 mL of light/heavy 

liquid paraffin containing Span 80 

(3% w/w) using a mechanical stirrer 

at 400 rpm. After complete mixing, 

0.2 mL of concentrated H2SO4 and 

1.5 mL glutaraldehyde were added 

drop wise to the dispersion at each 

hour of stirring, followed by stirring 

at a constant speed 700 rpm for 4 h 

at     C. The microspheres formed 

were allowed to sediment for 2 h 

and the microspheres were collected 

by decantation of oil, and then 

washed with several fractions of 

isopropyl  alcohol (95% v/v). The 

final preparation after filtration 

we e d ied at     C and stored in 

dessicator. A total of six 

formulations were prepared (M1- 

M6) by varying the external phase 

and the concentration of guar gum. 

The quantity of drug was kept 

constant in all the formulations. The 

key components and the 

formulation design are shown in 

Table 1. The microspheres were 

evaluated for percent yield, particle 

size and percent cumulative drug 

release (CDR) for 8 h. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Batch 

code 

Lornoxicam 

(mg) 

Guar 

gum  

(mg) 

External 

phase 

M1 100 100 LLPa 

M2 100 200 LLP  

M3 100 300 LLP  

M4 100 100 HLPb 

M5 100 200 HLP  

M6 100 300 HLP  

 

Table 1 Formulation composition of guar 

gum microspheres 

1- LLP : Light liquid paraffin ; 

2- HLP : Heavy liquid paraffin 
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Yield 

The yield was calculated against the 

dried weight of drug and polymer using 

equation 1: 

 

                              (1)                                      

 

Particle size  

The microspheres were subjected to 

particle size distribution study using 

optical microscope. The eye piece 

ocular micrometer (Metzer Biomedical 

and Electronics, Mumbai, India) of 

microscope was calibrated using a 

standard stage micrometer (Metzer 

Biomedical and Electronics, Mumbai, 

India). The sample was mounted on a 

slide and placed on the mechanical 

stage. The mean particle size was 

calculated by measuring more than 200 

particles to estimate true mean (15).  

 

Drug content and loading efficiency 

The drug loaded guar gum microspheres 

were first crushed using a glass mortar 

pestle. Microspheres theoretically 

equivalent to 10 mg of drug were 

weighed and extracted using 5 mL 

DMF. The resultant dispersion was 

vortexed for 10 min, followed by 

centrifugation (2000 rpm for 15 min) 

and the supernatant was analyzed 

spectrophometrically using UV 

absorption spectroscopy (Pharmspec 

1700, Shimadzu, Kyoto, Japan) at 371 

nm.  The drug content and loading 

efficiency were calculated using 

following equations: 

 

                                           
(2) 

           

                     
(3) 

 

Equilibrium swelling  

Weighed amount (100 mg) of 

microspheres was placed in phosphate 

buffer, pH 7.4 and allowed to swell to a 

constant weight. The microspheres were 

removed at specific time interval and 

blotted with tissue paper, and changes 

in weight were then calculated from 

equation 4:  

    

                                                  
(4) 

 

Whe e, α is the deg ee of swelling, Wi is 

the initial weight of the microspheres 

and Wf is the weight of the 

microspheres at equilibrium swelling in 

the medium. 

 

 In vitro drug release 

Microspheres equivalent to 10 mg of 

drug were subjected to in vitro drug 

release study. The study was performed 

in 900 mL of  phosphate buffer, pH 6.8 

for 8 h using USP apparatus 1 (Basket 

t pe  with  esh si e      at      p  

 aintained at            C. Aliquots were 

withdrawn periodically at  hourly interval 

till 8h and the sink conditions were 

maintained by adding equal amount of  

fresh release medium. The samples were 

analyzed spectrophotometrically at 371nm 

and % cumulative drug release versus time 

plots were constructed. 

 

Selection and evaluation of best 

formulation 

The determinants of M1-M6 

formulations were analyzed and best 

formulation was selected based on least 

particle size and maximum production 

yield and % cumulative drug release at 
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8
th

 hour. The selected formulation was 

evaluated for a series of pharmaceutical 

properties. 

 

Scanning electron microscopy (SEM) 

The photomicrographs of pure drug, 

blank microspheres, best 

formulation (M1) and surface of 

best formulation were obtained by 

scanning electron microscopy to 

assess the morphological features of  

the microspheres and its surface 

before and after drug release 

(Model LEO 435 VF, LEO electron 

microscopy limited, Cambridge, 

England). The samples were 

prepared by sprinkling the 

microspheres on a double adhesive 

tape adhered to aluminium stub. 

Particles were coated with thin gold 

layer by sputter coater unit. Coating 

was done for 5-6 min under an 

argon atmosphere in order to make 

them conductive. The surface 

morphology of both blank 

microspheres and lornoxicam 

loaded microspheres was also 

visualized. Micrographs were 

obtained at 100 X to 2500X 

magnification with JEOL-5400, 

Tokyo, Japan. 

 

Differential scanning calorimetry 

(DSC) 

Thermal behavior of lornoxicam, guar 

gum and M1 was estimated by 

Differential scanning calorimeter Q10 

V9.4 Build 287 (TA Instruments, New 

Castle, DE, USA). The instrument was 

equipped with an intracooler to assess 

the changes in chemical properties of 

powders. An indium standard was used 

to calibrate the temperature and 

enthalpy scale in the instrument. A 

continuous inert atmosphere is 

maintained by giving nitrogen at a flow 

rate of 60 mL/min. The samples were 

sealed using aluminium pans with 

heating  ate of     C /min. Temperature 

range of 0-450   C was also maintained. 

 

Diffuse reflectance spectroscopy 

To analyze the chemical interaction 

between the excipients and drug, diffuse 

reflectance spectroscopy analysis was 

performed. The samples of lornoxicam, 

guar gum, blank microspheres and drug 

loaded microspheres along with their 

physical mixtures diluted with KBr in 

the ratio 1:9 and placed in a sample cup 

mounted in the instrument. The 

resultant spectrographs were recorded in 

terms of transmittance mode (%T) using 

FTIR spectrophotometer (Shimadzu 

FTIR-8400, Kyoto, Japan with DRS 

attachment) in the range of 400 and 

4000 cm
-1

. 

 

Tabletting of optimized microspheres 

(M1) 

The optimized drug loaded formulation 

of microspheres was compressed into 

tablets using microcrystalline cellulose 

(Avicel® PH 301) and guar gum as 

diluents. PVP K30 (5 %w/v solution) 

was used as binder and aerosil as flow 

promoter. Composition of the tabletted 

microspheres (Batches F1–F6) is shown 

in Table 2. All the ingredients were 

mixed in the required amount and the 

tablets were compressed by direct 

compression technique using single 

station electrically operated tablet 

punching machine (Jindal Industries, 

Ambala, India). 

 

Physical characterization of tablets 

The tablets were evaluated for weight 

variation, thickness and hardness. In all, 

10 tablets from each formulation were 

determined using an electronic balance 

(Sansui Electronics, Parwanoo, India) to 
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verify the uniformity of weight. The 

mean weight was expressed in mg. For 

each formulation, the hardness of tablets 

was examined using a Pfizer type 

hardness tester to measure the crushing 

strength of the tablets. The mean 

hardness was calculated and expressed 

as kg. The thickness of the tablets was 

measured using vernier caliper 

(Mituyoto, Japan). Ten tablets of each 

formulation were used and the mean 

thickness was expressed in mm.  

 

Drug content  

The drug content determination was 

carried out by crushing tablets (n=3) 

and powder equivalent to 10 mg of drug 

was taken and extracted using 5 mL 

DMF. The solution was filtered, 

suitably diluted with phosphate buffer, 

pH 6.8 and analyzed 

spectrophotometerically at 371 nm. 

 

 

Coating of tableted microspheres 

The coating of tabletted microspheres 

was done with Eudragit S100 by dip 

coating method.  The tablets  were 

dipped in the solution of Eudragit S100 

and were air dried for 15, 30 and 60 min  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

respectively after each coating followed 

by drying in Hot air oven (HICON, 

Grover Enterprises, New Delhi, India)  

at 50 ± 0.5 
º
C. To check the integrity of 

coating, the tablets were stirred in 

dissolution vessel of USP 1 apparatus 

sequentially in 900 ml in 0.1 N HCl 

buffer, pH 1.2 for 2h and in phosphate 

buffer, pH  7.4 for next 6 h. 

 

In vitro drug release  

In vitro drug release study was 

performed in USP drug release basket 

type apparatus. The study was 

conducted in 0.1 N HCl buffer, pH 1.2 

for 2 h, phosphate buffer, pH 7.4 for 6 h 

and phosphate buffe , pH 6 8 with β-

galactosidase enzyme, 120 IU for 12 h 

in a sequential manner.  The test 

conditions were 900 mL of media 

stirred at 50 rpm and temperature was 

maintained at 37 ±      C. Aliquots were 

withdrawn at predetermined intervals 

and sink condition was maintained by 

addition of equal quantity of fresh 

media. Each sample was then analyzed 

in triplicate at 371 nm. On the basis of 

percent cumulative drug release profile 

the best tablet was selected and 

subjected to in vivo roengenography.

Batch 

Code 

Particle size 

  (μm) 

Yield 

(%) 

Drug content 

(%) 

Loading 

efficiency 

(%) 

% CDR
*
 at 

8th h 

Degree 

of 

swelling 

Zero 

order 

(r2) 

First 

order 

(r2) 

Matri

x 

(r2) 

Peppas 

(r2) 

M1 143.2 ± 2.34 57.50 ± 0.36 62.77 ± 1.06 49.46 ± 0.45 79.91 ± 0.32 0.40 0.909 0.932 0.999 0.538 

M2 190.8 ± 1.51 62.50 ± 0.76 67.93 ± 1.47 32.52 ± 0.65 74.36 ± 0.62 0.50 0.884 0.841 0.978 0.963 

M3 232.2 ± 6.18 65.17 ± 0.54 71.41 ± 1.24 23.21 ± 0.32 70.68 ± 0.37 0.60 0.936 0.790 0.980 0.862 

M4 154.8 ± 4.98 56.21 ± 0.81 64.74 ± 0.23 46.43 ±  0.94 80.93 ± 0.25 0.50 0.901 0.822 0.9947 0.8211 

M5 209.7 ± 2.03 60.92 ± 0.12 66.38 ± 0.58 30.39 ± 0.75 73.05 ± 0.24 0.70 0.8973 0.8963 0.9932 0.9912 

M6 275.4 ± 7.17 64.68 ± 0.54 70.74 ± 0.73 23.61 ± 0.64 67.79 ± 0.41 0.90 0.9515 0.8807 0.9924 0.9810 

 

 

Table 2 Evaluation parameters of lornoxicam loaded microspheres 

 

*CDR: Cumulative Drug Release  
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In vivo roentengenography 

In vivo roentegenography study was 

done to prove the concept of colon 

targeting of the developed formulation. 

According to the protocol no 

(IAEC/RAP/3964) approved by the 

institutional Animal Ethics Committee, 

Rajiv Academy for Pharmacy, Mathura, 

India, three New Zealand white rabbits, 

weighing 3-3.5 kg, were used for the 

study. For the study the guar gum 

microspheres prepared by partially 

replacing lornoxicam with radioopaque 

barium sulphate and these microspheres 

were used for the compression of 

tablets. The enteric coating of prepared 

tablets was done according to the 

optimized batch. All rabbits were placed 

on overnight fasting with free access of 

water under 12 h light/dark cycles. 

After an overnight fasting, tabletted 

microspheres were administered to 

rabbit with 10 mL of water. X- Ray 

images were periodically (0-10 h) taken 

to traces the movement and behaviour 

of the tabletted microspheres in the 

GIT. X Ray images were taken in prone 

position by using L&T Vision 100 (C-

arm) X-Ray machine (Larsen & Turbo 

Limited, Mumbai, India), at 64 mAs 

and 63 kV voltage. 

 

Results  

A total of six formulations (M1-M6) 

were developed by varying the 

concentration of guar gum and the 

external phase. The developed 

microspheres were evaluated for 

particle size, loading efficiency and in 

vitro drug release.  

 

Yield  

The yield of guar gum microspheres 

was found to be in the ranged between 

57.50 ± 0.36% and 65.17 ± 0.54% 

(Table 2). For a given type of external 

phase and constant amount of the drug, 

an increase in the guar gum 

concentration led to an increase in the 

yield the concentration of guar gum. 

 

Particle size  

The particle size of prepared 

microspheres was found in the range of 

143.2 ± 2.34 to 275.4 ± 7.17 µm (Table 

2). It was worth mentioning that the 

particle size of the microspheres was 

directly proportional to the polymer 

concentration. 

 

Drug content and loading efficiency 

The drug content ranged between 62.77 

± 1.06 and 71.41 ± 1.24%. An increase 

in concentration of gaur gum resulted in 

increase in the drug content while an 

inverse relation was observed between 

the concentration of guar gum and 

loading efficiency (Table 2). At a given 

constant drug amount, on increasing the 

concentration of guar gum more amount 

of polymer was available for 

encapsulation of drug. 

 

Equilibrium swelling  

Swelling ability is a parameter that 

indicates quick availability of drug 

solution for diffusion. The swelling 

index was found to be in the range of 

0.40 to 0.90 (Table 2). 

 

In vitro drug release  

The percent cumulative drug release in 

phosphate buffer, pH 6.8 was found to 

be in range 70.68 ± 0.37% (M3) to 

80.93 ± 0.25% (M4) suggesting the 

ability of microspheres to release most 

of its entrapped drug (Table 2). The in 

vitro release of drug was characterized 

by initial fast release for 1.5 h followed 

by a sustained release till next 7 h (Fig. 

1). In order to elucidate the release 

mechanism, the in vitro release data was 
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subjected to model fitting and the r
2
 

values (0.9780-0.9992) indicated that 

data best fitted matrix type release 

(Table 2). The results are consistent 

with widely published results on the 

matrix type release mechanism for 

microspheres. 

 

 

Selection of optimized microspheres 

On the basis of least particle size, 

highest drug loading, and high 

cumulative drug release M1 formulation 

was selected as the best formulation. 

Furthermore, in order to develop it as a 

tablet its powder properties were 

determined. 

 

Scanning electron microscopy 

Pure lornoxicam was rhombic shaped 

crystals (Fig. 2a) whereas the blank 

microspheres were discrete and 

spherical (2c). The enlarged view of 

drug loaded microspheres (2d) at 500X  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

depicted spherical particles apparently 

smooth surfaced. However the 

magnified view of drug loaded 

microspheres (2b) shows polymeric 

folds, depressions and pitted surface  

probably an effect of processing 

variables. 

 

Differential Scanning Calorimetry 

DSC analysis of pure drug, guar gum, 

physical mixture and drug loaded 

microspheres was carried out and the 

results depict   the thermal      changes 

of    interaction during the preparation 

of microspheres. A sharp exothermic 

peak   of pure   lornoxicam was 

recorded at 219.09 ºC (Fig. 3a) 

corresponding to its melting point.  The 

thermogram of gaur gum showed a 

broad endothermic peak (3b) at 106.25 

ºC. In their physical mixture, the peaks 

of lornoxicam and guar gum were 

clearly recorded with insignificant 

influence on each other 

 
Figure 1 Comparative in vitro drug release profiles of lornoxicam loaded 

microspheres in phosphate buffer, 6.8 for 8 h at 37 ± 0.5 ºC. 
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Figure 2 Scanning electron micrographs (a) pure lornoxicam, (b) surface of intact 

microspheres, (c) drug loaded microspheres, and (d) blank microspheres 

 

 

Figure 3 Differential scanning thermograms of (a) pure lornoxicam, (b) guar gum, (c) physical 

mixture, and (d) drug loaded microspheres. 
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(3c). The peaks corresponded to 223.17 

ºC and 106.25 ºC respectively. 

 

Diffuse reflectance spectroscopy (DRS) 

The blank microspheres and the 

drug loaded microspheres along 

with appropriate reference samples 

were subjected to infrared radiation 

to assess the interaction between the 

drug and polymer in microspheres. 

Lornoxicam showed the 

characteristics peaks (Fig. 4a) of N-

H bending (1637.45 cm
-1

), free OH  

(3650.82 cm
-1

), C-Cl  (626.82 cm
-1

), 

S=O asymmetric (1332.72 cm
-1

) 

and C-N aromatic (1238.21 cm
-1

).  

The DRS spectrum of guar gum 

(Fig. 4B) demonstrated a 

characteristic peak at 3550 cm
-1

 for 

-OH stretching vibration and water 

involved in hydrogen bonding, 

whilst the peak at 1151 cm
-1

 was 

due to the CO bond.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The peak observed in the spectrum 

between 800 and 1200 cm
-1

 

demonstrated highly coupled C-C-

O, C-O-H and C-O-C stretching 

modes of polymer backbone. The 

DRS spectrum of the physical 

mixture of lornoxicam and guar 

gum was an additive spectrum of 

both due to the intermixing of the 

peaks. The blank microspheres 

showed characteristic peaks of guar 

gum however, the peak at 3550 cm
-1

 

was subdued probably due to cross 

linked matrix. The peaks related to 

the drug were not present in the 

blank microspheres. On the other 

hand the drug related peaks were 

clearly identifiable in the drug 

loaded microspheres (M1) though 

the intensity of the peaks were less 

than those observed with pure drug 

but were of same intensity as that of 

the physical mixture.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 4 Diffuse Reflectance spectra of lornoxicam, guar gum, physical mixture, blank 

microspheres and drug loaded microspheres. 
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Tabletted microspheres 

The optimized formulation of 

lornoxicam loaded guar gum 

microspheres was tabletted using 

guar gum and microcrystalline 

cellulose as two separate diluents 

(Table 3). The tabletted 

microspheres were subjected to 

various tablet evaluation parameters 

and the results of the tests are given 

in table 4. 

 

Optimization of coating integrity  

The formulation M1F3 was 

subjected to Eudragit S coating 

and results are given in table 5.  

The formulation did not retain 

its intactness 0.1 N HCl buffer, 

pH 1.2 for 2 h when the number 

of coat was 1 and the drying 

time was 15 min.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

But when the number of coats 

increased to 2 and drying time 

was 15 min the formulation 

remained  intact in 0.1 N HCl 

buffer, pH 1.2  for 2 h but not in 

phosphate buffer, pH 7.4 (Table 

5). Further on increasing the 

number of coats and drying 

time it was found that with 3 

coats and 60 min drying time 

the coating integrity 

was maintained in HCl buffer, 

pH 1.2 for 2 h and in phosphate 

buffer, pH 7.4 for 6 h.  

Thus these were selected as 

optimized coating conditions and all  

the formulations were dip coated 

with Eudragit S100 maintaining the  

three coats with a drying time of 60 

min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ingredient 

(mg) 

M1F1 M1F2 M1F3 M1F4 M1F5 M1F6 

PVP K 30 10 15 20 10 15 20 

Aerosil 2 2 2 2 2 2 

Diluent 

(q.s. 100 mg) 

GG GG GG MCC MCC MCC 

 

Table 3 Formulation composition of colon targeted lornoxicam microspheres (equivalent to 

10 mg drug) loaded tablets. 

 

 

Formulation 

code 

Uniformity of 

weight 

mg ± S.D 

Thickness 

mm ± SD 

Friability 

(%) 

Hardness 

(kg/cm
2 
± S.D) 

Drug content 

M1F1 101.0 ± 7.25 2.04 ± 0.05 0.92 3.44 ± 0.30 95.42 ± 0.21 

M1F2 99.5 ± 6.95 2.04 ± 0.06 0.80 3.75 ± 0.42 94.56 ± 0.34 

M1F3 100.5 ± 3.94 2.01 ± 0.00 0.71 4.70 ± 0.50 94.71 ± 0.46 

M1F4 98.5 ± 5.87 2.09 ± 0.01 0.85 3.60 ± 0.28 95.54 ± 0.55 

M1F5 98.5 ± 6.40 2.11 ± 0.01 0.70 3.95 ± 0.36 96.65 ± 0.22 

M1F6 102.0 ± 6.40 2.03 ± 0.04 0.54 4.30 ± 0.31 96.34 ± 0.45 

 

Table 4 Characterization of colon targeted lornoxicam microspheres loaded tablets 
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In vitro drug release  

The in vitro drug release profiles of 

coated tabletted microspheres (Fig. 

5) showed no drug release in HCl 

buffer, pH 1.2 for 2 h and in < 20% 

release in  phosphate buffer, pH 7.4 

for another 6 h because of the 

coating.  Poor release of lornoxicam 

can be attributed to the Eudragit 

S100 coat in the all the 

formulations. 

 

In vivo roentgenography 

For the proof of concept of colon 

targeting, the roentegenographic 

study was performed in rabbits. The 

enteric coated tabletted 

microspheres were found to be 

intact in stomach 2 to 4 h ( Fig.6a  

and b respectively) which  clearly  

indicates  that  the  enteric  coating  

of eudragit S100 was able to protect 

the release of  microspheres in the 

gastric environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

Formulation considerations  

Several methods are reported for the  

development  of  microspheres, but  the 

multiparticulate carriers of natural 

polymers especially those of protein and 

carbohydrates are  best  prepared by  

single  emulsion  technique. The natural 

polymer guar gum was dispersed in 

aqueous media followed by dispersion 

in liquid paraffin. In the second step 

cross- linking of dispersed globule was 

carried out. The  cross  linking  can be 

achieved by  heat  or  by  using  

chemical  cross  linkers  like  

glutaraldehyde, formaldehyde and di 

acid chloride (16). Based on these 

considerations, the microspheres were 

designed using guar gum as a polymer 

of choice as it is abundantly available 

and is obtained naturally from 

Cyamopsis  tetragonolobous. Family:  

 

Number 

of 

coating 

Drying time after each 

coating 

(min) 

Coating integrity 

0.1 N HCl buffer, pH 1.2 

for 2h 

Phosphate buffer, 

pH 7.4  for 6h 

1 15 - - 

30 - - 

60 - - 

2 15 + - 

30 + - 

60 + - 

3 15 + - 

30 + - 

60 + + 

 

Table 5 Optimization of coating of tableted microspheres 
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Figure 5 In vitro drug release profiles of tabletted microspheres, sequentially in 0.1 N HCl buffer, pH 

1.2 for 2 h, phosphate buffer, pH 7 4 fo  6 h and phosphate buffe , pH 6 8 with β-galactosidase till 12 h 

at 37 ± 0.5 ºC using basket apparatus. 

 

 

Figure 6 In vivo roentegenographic study of Eudragit S coated tabletted microspheres ( a) after 2 h of 

administration in stomach, b) at 4th h in stomach, c) after 6 h in small intestine, d) at 7th h in small 

intestine, e) at 8th h at the ileocaecal junction, and (f) At 10th h in colon. 
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Leguminosae). Guar  gum  has  been 

extensively employed for colonic 

delivery (17), as on exposure to 

gastrointestinal fluid; it hydrates  to 

form  a  viscous  gel  layer  that  slows  

down  seeping in  of  the physiological  

fluid towards  the  core. This  makes  it  

efficient  enough  to prevent  the  

release  of  drug  in physiological 

environment of the stomach and the 

small intestine and thereby releasing the  

drug  in  colon  (18). For hardening the 

microspheres, glutaraldehyde was used 

as cross linking agent which causes 

cross linking by reacting with hydroxyl 

group of galactose and mannose unit of 

guar gum. The effect can be explained 

as: at lower concentration of guar gum 

less viscous dispersion is produced 

which gets easily and rapidly mixed 

with the oily phases due to which the 

drug was precipitated and less droplets 

are formed (19).  

As the concentration of guar gum 

increased, the particle size also 

increased. An increase in guar gum 

concentration increased and the polymer 

dispersion became thicker due to 

enhancement in the viscosity. 

Consequently larger droplets were 

formed and the particle size was 

increased. Additionally, as the polymer 

concentration increased, more amount 

of polymer was present for the 

encapsulation and this led to 

enhancement in particle size. The 

results are similar to those reported by 

Wu et al (20) on chitosan microspheres 

as well as to our earlier report on 

piroxicam microspheres (19). The effect 

of the type of the external phase on 

particles was evident by larger sized 

particles obtained when heavy liquid 

paraffin was used in comparison to light 

liquid paraffin; but the effect was 

insignificant. 

As the drug: polymer ratio increased the 

polymer concentration in organic phase 

increased the diffusional resistance to 

the drug molecules from organic phase 

to aqueous phase, thus more drug was 

entrapped in the polymeric dispersion.  

On the other hand the results of 

decrease in loading efficiency on 

increasing guar gum are consistent with 

the reports of Rahman et al. (21).  The 

decrease in loading efficiency can be 

attributed to cross linking density of 

guar gum. More the guar gum, more is 

cross linking density that resulted in 

production of rigid microspheres, 

thereby reducing the free volume spaces 

within the polymer matrix and hence a 

reduction loading efficiency (22). 

Furthermore, the swelling index was 

directly proportional to polymer 

concentration; as the polymer 

concentration increased swelling index 

increased; as also observed by Yadav et 

al. (23) in their report on biodegradable 

starch microspheres. 

In vitro release of the drug from the 

microspheres showed biphasic release 

pattern which is characteristic of matrix 

diffusion kinetics.  The constant release 

of the drug in sustained manner in later 

phase was a result of the diffusion of the 

drug from the matrix of microspheres 

(24). The release of drug from 

microspheres is reported to be 

dependent on the swelling property of 

polymer. More the swelling, lower the 

release. The release profile of guar gum 

microspheres in phosphate buffer, pH 

6.8 for 8 h clearly indicates that guar 

gum slowed down the release of 

lornoxicam from the microspheres.  It 

was observed that as the drug: polymer 

ratio varied from 1:1 through 1:3, the 

rate of drug release decreased (Fig. 1). 

On increasing the guar gum 

concentration, a decrease in the release 
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rate was observed as a result of the 

increase in thickness of matrix, thereby 

increasing the path length that the drug 

passed through the surface of the 

microspheres (25). On the basis of least 

particle size, highest drug loading, and 

high cumulative drug release M1 

formulation was selected as the best 

formulation.  

The formulation was visualized by SEM 

and characterized by DSC and DRS. 

Spherical particles with apparently no 

crystalline drug deposits could be seen 

on the surface indicating molecular 

dispersion of the drug in the polymeric 

matrix. The physical state of drug in the 

microspheres was established by DSC. 

In the DSC thermogram of drug loaded 

microspheres the peak of lornoxicam 

did not appear (3d) probably due to 

solubilization of drug in the polymer / 

its molecular dispersion in the cross-

linked polymeric matrix. However, the 

peak corresponding to guar gum was 

recorded at 101.03 ºC, a slight shift 

from 106.25 ºC probably due to its 

cross-linked structure (26,27). 

Furthermore, the DRS spectroscopy 

clearly indicated no chemical 

interaction between lornoxicam and 

guar gum. 

The optimized formulation (M1) was 

tabletted using guar gum and 

microcrystalline cellulose as two 

separate diluents. The tabletted 

microspheres were subjected to a series 

of tablet evaluation parameters. The 

tablet tooling resulted in nearly 

uniformly thick and weighted tablets the 

hardness varied with the increase in 

binder strength irrespective of the type 

of diluents. Thus M1 F3 showed 

maximum hardness followed by M1F6 

and correspondingly friability was less 

was the former. The difference in the 

values was statistically insignificant. 

The robust formulation M1F3 was 

selected for the purpose of optimization 

of coating for the development of colon 

targeted tablets. The tablet(s) was dip 

coated with Eudragit S100 and the 

optimized coating conditions were 

identified as three coats with a drying 

time of 60 min. 

For efficient colon targeting, the tablet 

must not disintegrate and matrix must 

remain intact during its passage through 

stomach and small intestine. Thus, to 

predict the fate of the tablet in stomach 

and small intestine, the coated tablets 

were subjected to in vitro drug release 

to find out the best formulation. 

Eudragit S100 is reported to solubilize 

at pH ≥ 7 (17) and the coat level of 10% 

w/v proved to be effective in sealing the 

release of drug from the matrix tablets. 

It is therefore predictable that once the 

tablet reaches the small intestine, 

Eudragit S100 will slowly and 

continuously dissolve over time, leaving 

the tablet matrix exposed to the release 

medium. To precisely delineate the 

release behavior of these formulations 

during their transit from intestine to 

colon,     IU/9    l of  β-

galactosidase enzyme was included in 

phosphate buffer pH 6.8 to mimic the 

colonic environment. Enzymes are 

preferred to simulate the colonic 

conditions as simulation of colonic 

environment by addition of caecal 

content of rat or guinea pig, leads to 

hindrance in drug analysis due to 

turbidity of release medium. 

Furthermore, accurate measurement of 

drug release is not possible due to 

partial/complete adsorption of drug on 

the suspended caecal matter. Recently, 

the use of enzymatic release media 

containing pectinase and invertase has 

been reported by our research group to 

precisely assess the release behavior of
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colon targeted formulations. (28,29) On 

changing the release media to phosphate 

buffer, pH 6.8 with β-galactosidase 

enzyme, the drug release was initiated. The 

tablet comprising guar gum (M1F1-M1F3) 

as the diluent manifested higher release 

(93.81 ± 0.73 to 97.85 ± 0.48%) due to the 

deg adation of gua  gu  b  β-galactosidase 

as compared to tablets made of MCC 

(M1F4-M1F6) as the diluent (85.33 ± 0.73 

-88.96 ± 0.46 %). The result of the study 

revealed that within in 20 h the tabletted 

microspheres released most of the drug 

content. The formulation M1F3 showed 

maximum CDR of 97.85 ± 0.48% due to 

least amount of guar gum and hence rapid 

deg adation b  the en   e β-galactosidase. 

Thus M1 F3 formulation was selected as 

the best tabletted microspheres and used for 

in vivo roentegenographic study. 

No change was observed in the integrity of 

the tablet after 6 h in small intestine (6c) 

and remained intact up to 7 h (6d). After  8 

h  of  administration  the  formulation  

reached  to the  colonic junction  and tablet 

was apparently smaller  in  size  as  

compared  to original size of tablet which 

means that enteric coating of tableted 

microspheres started to dissolve (6e). 

Finally at the 10th hour of the 

administration the tablet was further 

reduced in size (6f) due to the degradation 

of gua  gu  b  β-galactosidase and 

because of this the drug release is 

anticipated in the colon. 
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